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THE ZIMMERMAN PINE MOTH 
R. G. RENNELS, Assistant Professor of Forestry 
Pie tiN UND POTENTIAL BORE S PLAND comprises 
approximately 17 percent of the 35.8 million acres in Illinois. 
Ninety-five percent of this forest acreage is privately owned and con- 
sists of small parcels that are a part of operating farms scattered 
throughout the state. 
The potential forest land in Illinois, by conservative estimate be- 
tween 214 and 3 million acres, is largely worn-out and badly eroded 
farmland judged to be better suited for growing trees than for any 
other purpose. This depleted land 1s being planted primarily to conifer- 
ous trees, most of which are not native to the localities where they are 
being planted. 
As the planted acreage increases and the distance between estab- 
lished plantations decreases, the occurrence in outbreak proportions of 
destructive forest insects may be expected. Such an outbreak may 
result not only in substantial economic loss to individual landowners, 
but by deterring the reforestation program may indirectly attect the 
economy and well-being of the people of the entire state. It 1s hoped 
that through intensive investigation of potentially serious forest insects, 
preferably in advance of their occurrence in epidemic numbers, heavy 
losses may be averted. 
PURPOSE OF THE STUDY 
The Zimmerman pine moth, Dioryctria zimmermani (Grote)', has 
been a serious pest of pines since its discovery in the United States in 
1877. In several instances it has reached outbreak proportions and has 
caused much concern in many localities within its range. 
Nore: The figures in parentheses below and elsewhere in this bulletin refer 
to literature cited. 
*The Zimmerman pine moth is a member of the family Phycitidae. It was 
described by Grote (12) and assigned to the subgenus Dioryctria of the genus 
Nephopteryx and was given the specific name simmermam. Since then it has been 
known by the following names that Heinrich (14) considered synonomous with 
Dioryctria zimmermani (Grote): Nephopteryx (Dioryctria) zimmermam Grote 
(12); Nephopteryx (Pinipestis) zsimmermani (Grote) (13, 20); Pinipestis zim- 
mermani (Grote) (13); Nephopteryx zimmermani Grote (19); Dioryctria zim- 
mermann Grote (23); Pinipestis zimmermannt (Grote) Hulst (16, 20); Salebria 
delectella Hulst (17, 24); Dioryctria delectella (Hulst), Dyar (10); Retinia 
austriana Cosens (6, 4); Pinipestis delectella (Hulst) (1); Dioryctria ponderosae 
Heinrich (14); and Dioryctria zimmermam (Grote) (14, 8). 
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The study here reported was conducted from 1951 through 1958 in 
central and northern Illinois at a time when the moth population was 
extremely high. A review of the literature revealed that, although this 
pest had been studied by a number of entomologists, knowledge of its 
biology and ecology was incomplete. The purpose of this study has 
been to fill these gaps in the hope that a more complete understanding 
of its life history and environmental interactions would indicate how 
forest plantations infested by this insect can be managed to reduce 
injury to the trees. 
The study has been divided into two phases: the first to verify the 
insect’s seasonal history, as reported in the literature, and to add to our 
knowledge of its habits; and the second to determine the environmental 
influences that affect its abundance. The work during 1951 through 
1954 was devoted primarily to studying the distribution and biology of 
the moth in Illinois. From 1955 through 1958, pine plantations were 
examined to assay some of the principal ecological conditions charac- 
teristic of infested and uninfested trees and stands. 
LOCATION AND DESCRIPTION OF THE AREA STUDIED 
The moth was observed and collected wherever it could be found in 
central and northern Illinois. From this extensive study much infor- 
mation was gathered concerning its seasonal history. 
a 
COOK 
Location of the 
area intensively 
studied. (Fig. 1) 
More intensive studies were concentrated in Winnebago and Ogle 
counties in the northwestern part of the state (Fig. 1). These two 
counties, lying in the drainage basin of the Rock river, cover about 
808 square miles. The topography ranges from steeply rolling to gently 
rolling terrain. Glaciation contributed to the land configuration. The 
soils are mostly loessal or water-deposited materials that, in most places, 
cover the glacial drift. Elevations range from 685 to 990 feet in 
Winnebago and from 700 to 931 in Ogle county. 
I 
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The predominant land use is general agriculture and dairying. 
Therefore most places have been tilled at one time or another. Slope 
and productivity ratings, however, indicate that 13.9 percent of Winne- 
bago and 8.0 percent of Ogle county are better suited for growing 
timber than other crops. According to the most recent estimate of 
forest acreage in these counties, there are 51,000 acres in farm wood- 
lands. This figure includes 2,000 acres of forest plantations, largely 
coniferous. As only a few white pines were native to northern Illinois, 
all other pines in this part of the state are planted and are outside their 
natural range. Their insect pests have frequently been introduced with 
them. This is true of the Zimmerman pine moth. 
Weather records collected in Winnebago county at Rockford, Il1- 
nois, from 1941 to 1957 indicate temperature conditions characteristic 
of the region. The greatest range of temperature for any one year 
was 123° F. in 1947. The highest temperature recorded was 103° F. 
in 1947: the lowest, —25° F. in 1950. The average annual rainfall for 
this portion of Illinois is 34.4 inches. Average monthly rainfall and 
temperature are shown in the climatograph in Fig. 2. This graph indi- 
cates that the bulk of precipitation occurs during the summer months. 
DISTRIBUTION 
The Zimmerman pine moth is presumably a native species. It is 
known only in the United States and Canada and is generally found 
wherever its favored hosts occur. Grote (12), Zimmerman (27), Kelli- 
Corman eet ackard (21). Cosens (7), Britton (2), and Felt) and 
Rankin (11) report it from New York, Pennsylvania, the New Eng- 
land states, Michigan, and from Ontario in Canada. Brunner (3) 
states that it is rather generally distributed over the range of ponderosa 
pine (Pinus ponderosa Dougl.) in the western United States. Polvika 
(22), Houser (15), and Chadwick (5) studied the insect in Ohio. In 
the opinion of Craighead (8) and Heinrich (14), this pest occurs 
throughout most, if not all, of the northern United States. 
Prior to 1942 it had not been observed in Illinois. Then it was 
found attacking Scotch pine (Pinus sylvestris Linnaeus) and, to a 
lesser extent, other pine species near the town of Oregon. 
Correspondence at that time with other entomologists in Michigan, 
Wisconsin, Indiana, lowa, and Kentucky failed to reveal any localities 
in those states where the insect was causing appreciable damage. Since 
then, however, Schuder (25) has reported an outbreak in northern 
Indiana, and Shenefelt and Benjamin (26) discussed in some detail 
the presence of the moth and its damage to pines in Wisconsin. In 
6 Buttetin No. 660 [May, 
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Mean climatograph for Rockford, Illinois, based on monthly temperatures 
and precipitation. Numbers indicate the months of the year. (Fig. 2) 
~~. 
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Illinois (Fig. 3) field inspections have disclosed its presence in planted 
pines in 14 counties in the northern and central parts of the state. 
Known distribution of the 
Zimmerman pine moth in IIli- 
nois. (Fig. 3) 
WARREN 
/ROQUOIS 
CONDUCT OF THE STUDY 
Cage Experiments 
A wire-screen covered cage (Fig. 4) 414 X 414 X 14 feet at Philo, 
Illinois, served as an outdoor laboratory from 1952 through 1957. It 
enclosed 4 pines— 3 Austrian (Pinus nigra Arnold) and 1 red pine 
(Pinus resinosa Aiton). In 1958 another wire-screen covered cage 
(Fig. 5) 114 X 2 X 4 feet suspended from the joists of the loft floor 
of an open driveway in a barn was used instead. 
Larvae and pupae of the moth were collected by careful use of a 
knife after the resin masses were removed. Only larvae that had com- 
pleted feeding and were ready to pupate were collected. Observation 
on moths that had emerged from these field collections provided infor- 
mation concerning emergence, sex ratio, copulation, oviposition, and 
parasites. 
Larvae and pupae were transported from the field to the laboratory 
in wire-screen covered glass jars (Fig. 6). Similar jars prior to 1958 
were used as isolation chambers for mated females in oviposition 
studies. 
In the 1958 oviposition studies, screen-wire cages (Fig. 7) were 
attached to tree trunks and limb sections with friction tape and small 
8 BuLietin No. 660 [May, 
Screened cage 
used in 1958. 
(Fig, 5) 
Glass jars with screen-wire lids 
used for making field collections 
and for isolating mated females. 
(Fig. 6) 
wooden slats. These cages, which were 1 X 2 X 6 inches, were used 
as confinement chambers for mated females. Tight mesh cloth sleeves 
(Fig. 7) secured at the top and bottom with heavy rubber bands were 
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(Left) screen-wire con- 
finement cage on a 
Scotch pine. (Right) 
cloth sleeve covering 
on an artificially in- 
fested Scotch pine. 
(Fig. 7) 
Field Experiments 
Fifteen plantations in Winnebago and Ogle counties (Fig. 8) were 
selected) for intensive study. One contained 3 acres, the rest | acre 
each. Various conditions of age, composition, stand density, and soil 
were represented among them. 
Circular plots of one-tenth acre were adopted as the sampling units 
because the size fitted conveniently into the small plantations. Sample 
units were laid out systematically on diagrams of each plantation and 
assigned numbers. The sample plots for each plantation were then 
selected by using a table of numbers. 
Data collected concerning each individual tree, as well as informa- 
tion applicable to an entire plantation, were recorded in the field on 
mark-sense cards (Fig. 9). Later this information was transferred to 
cards for machine processing. 
In 1956, 81 cross sections of trunks were cut from 30 heavily 
infested Scotch pines in order to determine the incidence of infestation 
by years throughout the life of each tree and the influence of injury 
upon growth. These sections were obtained from trees on plantations 
Z, 6, 10, 13, and 14 (Fig. 8). The sections were allowed to dry and 
were then sanded smooth with a belt sander so that the rings could be 
examined and the number of attacks determined by years. 
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Approximate location of the 
15 plantations sampled in 
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investigation. (Fig. 8) 
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A mark-sense card of the type used for recording data on plots. (Fig. 9) 
« 
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BIOLOGY 
Description of Life Stages and Seasonal History 
Since taxonomic descriptions of the larvae, pupae, and adults of 
the Zimmerman pine moth have been published by Grote (12) and 
Heinrich (14), only some of the more conspicuous features useful to 
the forester or entomologist for tentative identification will be given 
here. Positive identification should be made by a competent specialist. 
The eggs (Fig. 10) have not previously been described. They are 
typically ovoid and 
approximatel yards 32 
inch long, slightly 
flattened on the basal 
surface, and _ lightly 
patterned on the up- 
Dee sur tcc Gteamy 
white upon oviposi- 
tion, they gradually 
become darker as the 
embryo develops. At 
the time of hatching, 
the color is a light 
vedcdishee to | dari 
brown. 
Eggs of the Zimmerman pine moth on the under- TI epee Fie 
neath edges of Scotch pine bark. (Twice natural vé larvae | Ig. 
size.) CRigvi0\e leet Oe approx i= 
mately 1/16 inch long 
upon hatching. At first they are a light reddish brown but become 
darker with age. The head is light brown, and the mandibles are 
black. After the first 
instar, the body 
Color us variable; 
ranging from light 
gray through brown- 
ish or reddish yellow 
to greenish at full 
growth. The body is 
Hae except for 
single bristles aris- 
ing from dark spots 
on the lateral and Nearly mature larvae of the Zimmerman pine moth. 
dorsal surfaces. The (Slightly more than natural size.) (Fig. 11) 
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larvae possess four pairs of abdominal prolegs and a pair of anal 
claspers. When full grown the larvae are about one inch in length. 
The pupae (Fig. 12) are light brown when newly formed but 
become progressively darker and at last almost black because of the 
development of pigmentation on the wings and body of the enclosed 
moth. The pupae are unarmed, taper gradually 
toward the posterior end, and are between 14 
and 34 inch long. 
The adult moth (Fig. 13) is % to 54 inch 
long with a wing expanse of 1 to 114 inches. 
Males and females are approximately the same 
size and color, ranging from light to dark gray, 
sometimes with a reddish cast. The front 
wings are gray with red markings and with 
alternating zigzag light and dark lines. The 
Pupae of the Zimmer- hind wings are pale yellow, the color deepen- 
Mid Went few Tt OL.) eames A, «ae 
(Cimice ma tiral wei ne toward the terminal fringe. 
(Fig. 12) Adults emerge during the latter half of 
July and the first half of August. Maximum 
(Left) copulating pair 
of the Zimmerman pine 
moth. (Right) adult 
with wings’ spread. 
(About natural size.) 
(Fig. 13) 
emergence at Champaign, Illinois, occurred during the first week of 
August, but the peak in northern Illinois was approximately 7 to 8 
days later. Most of the moths in a locality emerge within a period of 
about a week, although a few may be earlier and a few later. The 
earliest observation of an adult in [linois was on July 5; the latest, 
August 15. 
The adults are nocturnal and hence are seldom seen. For this 
reason observations on adult activities were limited to caged specimens. 
Mating occurred within a day following emergence, and oviposition 
followed within 2 or 3 days. Although the moths are nocturnal under 
natural conditions, in cages oviposition took place during both day and 
night. Oviposition extended over a 3-day period. Males in confinement 
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up to a maximum of 17 days under the same conditions. Adult 
longevity under natural conditions is not known, but it seems that it 
should be at least as long as that observed in the laboratory. 
The eggs are inconspicuous and difficult to find. They are laid, 
for the most part, during the month of August. The writer has found 
them on the edges of sapsucker peck holes, on resin masses, and on 
terminal buds of Scotch pine (Pinus sylvestris Linnaeus). Craighead 
(8) states that they are often laid at the edges of wounds caused by 
previous attack. Shenefelt and Benjamin (26) report that eggs are 
laid on the bark or on branch tips in late summer. 
Eggs under open-air laboratory conditions hatched in 8 to 10 days. 
Observations during 1958 under natural conditions indicate a similar 
incubation period. 
Larvae upon hatching are extremely small and are difficult to 
observe with the naked eye. They feed and move over the bark imme- 
diately after emergence. During the late summer and fall, those 
attacking leaders feed on the outside at the base of terminal buds, and 
those attacking the trunk feed on the outer bark. During the winter 
inactive larvae are to be found at the base of terminal buds or under 
bark flakes where they are concealed under a hibernaculum-like tent of 
resin and bark frass. Major external feeding, tunneling of the leaders 
(Fig. 14), and feeding and damage in the phloem and cambium region 
of the trunk (Fig. 14) occur in the following spring and summer. 
Consequently, drooping or dead leaders and resin mass accumulations 
along the trunk do not appear as evidence of infestation until late 
spring. 
In Ilhnois larvae reach maturity during the first to third week in 
July. During the last larval stage, they become sluggish and spin a 
white silken cocoon in a previously prepared enlargement in a tunnel 
or ina resin mass. There pupation takes place. The pupae are always 
oriented so that their anterior end is toward an exit. The length of the 
pupal period is variable. Brunner (3) states that in Montana it is 29 
days. However, in the open-air laboratory, it required only 15 to 16 
days due, presumably, to warmer conditions than those under which 
Brunner’s observations were made. 
Shortly after emergence, the adults copulate; eggs are laid; and a 
new generation of the Zimmerman pine moth is exposed to all of the 
adversities of the external environment, one year having elapsed since 
the parents of this new generation hatched from their eggs as minute 
larvae. 
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(Left) red pine leader tunneled by a 
Zimmerman pine moth larva. 
(Right) peeled section of Scotch pine 
trunk showing areas damaged by feed- 
ing of Zimmerman pine moth larvae. 
(Fig. 14) 
Reproduction 
The act of mating has been observed only in the open-air laboratory. 
It has always taken place between 10:30 p.m. and 4:30 a.m. Moths 
were in the resting position, facing in opposite directions during the 
DrocesseC Die. )3)). 
Separation was not effected in most instances when pairs were 
carefully urged into glass jars for oviposition studies. Pairs continued 
to copulate for as long as 214 hours, but no maximum or minimum time 
limits were established. Neither is it known if mating occurs more 
than once. 
Oviposition has been observed only in confinement. Moths failed 
to oviposit in the large cage enclosing small pine trees, apparently due 
to their continuous effort to escape. Copulating pairs were then con- 
fined in screen-wire covered glass jars. Under these conditions in 1953, 
two females laid eggs. This is the first time the oviposition habits of 
this insect have been recorded. 
Ll a 
7). 
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The first female observed laying eggs was copulating at 3:30 a.m. 
on August 11, 1953. She was placed, along with the male, in a quart 
jar containing a piece of Scotch pine bark. At 9 p.m. on August 16, 
the first egg was laid on the side of the jar. Between then and 8 a.m. 
on August 19, a total of 42 eggs was deposited, 40 on the sides of the 
jar and 2 on the bark. Oviposition continued throughout 59 hours with 
no evidence of photoperiodism. As the eggs developed, they changed 
from a hght cream color, through various shades of red, to a final light 
brown. These color changes began within approximately 24 hours. 
Hatching began at 8:30 p.m. on August 26 and was completed by 8 a.m. 
the following morning. 
The second moth mated on August 18 and laid 24 eggs between 
mu seceade22.. On september 1 they all hatched after passing 
through the color changes described above. 
Additional information on the egg-laying habits of this species was 
obtained from 14 mated pairs confined separately in screen-wire cages 
attached to pine trunks. These cages were all the same size and the 
enclosed bark was similar, with some smooth areas and some rough 
areas. Artificial wounds were created where none existed. Wounds 
with free-flowing resin were usually avoided by the females. Most of 
the eggs were laid either under bark scales or on the screen. In only 
two cages, 1 and 14, were appreciable numbers of eggs laid on the bark 
surface. These were deposited on rough bark adjacent to a branch stub 
(Table 1). This appeared to be attractive only because of the rough 
and depressed condition. 
Eges were deposited singly or in pairs except in one instance when 
13 eggs were laid together in a mass on the screen wire of the cage. 
Field observations also indicate that eggs are laid, as a rule, on rough 
bark or under bark scales, either singly or in pairs. 
The sex factor for the Zimmerman pine moth, as determined from 
examination of 123 adult moths reared from field collections in 1958, 
was 0.545. Of the 123 adults, 67 were females and 56 were males. 
Eggs laid, plus those remaining in the ovaries (Table 1) for the 14 
females upon which records were obtained, ranged from 11 to 65. One 
gravid female contained 82 eggs in the ovaries. 
This insect produces one generation per year and one embryo 
per egg. 
Since the greatest number of eggs observed in gravid females was 
82, this number is tentatively assumed to represent the maximum 
fecundity. Upon this assumption the reproductive potential for this 
species, expressed for a single insect, is 1 & (0.545 X 82) or 44.69, 
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Table 1.— Fecundity of the Moth 
Number 
Number of eggs laid of eggs Number 
Feuae spy On On Wander retained _ of eggs, 
screen bark bark ‘otal i” total 
ovaries 
1A oe ee eee 9 ess 17 41 8 49 
Pe a eR th Es may OP 22 1 26 49 1 50 
sO Deed Bee Ra ON seyetert Seen Une i) 0 0 13 0 13 
Ae a: Sats Sad ee eS 5 0 2 t 4 4 
Big Seer hee tanec, carte ae 2 3 2 7 28 af) 
Oe Rule ernie aN Beare ae 0 0 0 0 25 2S 
Cele ee cieay Nee Se 0 0 0 0 39 39 
Ske Rey oe etag PRN A ae oe 8 1 2 6 9 10 19 
OD Ame- ator tithe. eae ete 2 2 7 11 28 39 
LO eens tier cee cree 0 0 0 0 50 50 
Lie eae fects its Arte eae 0 1 0 1 30 $1 
Lehi Sok oe ee eee 19 0 19 38 0 38 
LO A eens Ree ne ere 24 4 2 30 27 57 
Ae ke One, hak Aa Re 2S 10 30 65 0 65 
otal poke aee set a eee ee 38 111 Za 250 S21 
AVerave tots. ao een Ae 19.4 Nyaa 
Hosts 
In Illinois the Zimmerman pine moth is known to attack Scotch 
pine (Pimus sylvestris Linnaeus), Corsican pine (Pinus nigra poireti- 
ana Ant.), Japanese red pine (Pinus densiflora Sieb. and Zucc.) red 
pine (Pinus resinosa Aiton), western yellow pine (Pinus ponderosa 
Dougl.), lodgepole pine (Pinus contorta Dougl.), eastern white pine 
(Pinus strobus Linnaeus), jack pine (Pinus banksiana Lamb.), Aus- 
trian pine (Pinus nigra Arnold), and mugo pine (Pinus mugo Turra). 
It has not been observed to attack Douglas fir (Pseudotsuga taxifolia 
(Poir) Britt.), as reported by Brunner (3) for western United States, 
but appears capable of attacking all members of the genus Pinus. 
From variation in intensity and severity of infestations, there is a 
strong indication that the moth prefers certain hosts. Scotch, Corsican, 
and Japanese red pine appear to be particularly attractive. The per- 
centages of infestation in seven different pine species at Sinnissippi 
Forest in 1951 are presented in Table 2. 
It will later be shown that density of stand influences the suscep- 
tibility of trees to attack and injury by the Zimmerman pine moth. 
Therefore the influence of this factor upon the results summarized in 
Table 2 is a question that might logically be raised. There seems to be 
little or no correlation between the number of trees per acre and the 
number of trees infested in each block (Table 2). Therefore it seems 
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Table 2.— Trees Infested; Experimental Plantation; Sinnissippi Forest; 
Oregon, Illinois; Summer, 1951 
Trees Free of Thee 
Hosts per Infested  infesta- eae a 
: ion 
acre tion 
no. no. no. perct. 
Scotch pine (Pinus sylvestris).......... 655 513 142 7823 
Corsican pine (Pinus nigra potretiana). . 713 614 99 86.1 
Japanese red pine (Pinus denstflora).... 418 263 155 62.9 
RVCCMDINEG | PINUS PESUNOSO) 02. be cee cds O73 444 629 41.4 
Ponderosa pine (Pinus ponderosa)...... 600 165 435 2155 
Lodgepole pine (Pinus contorta)........ 416 76 340 18.3 
Jack pine (Pinus banksiana)........... 1,035 61 974 5.9 
justifiable to assume that the differences between species are sufficient 
to mask any influences of density variations and that the percentages 
of infestation actually indicate the relative preference of the moth for 
the different species of pine growing together in these plantations. 
Infestation percentages, by species, for the plantations sampled 
after 1951 (Table 3) show similar trends of susceptibility. Scotch pine 
generally appears to be subject to somewhat heavier infestation than 
other species. However, a high level of infestation appears possible 
for most pines under conditions favorable to the insect. The presence 
of Scotch pine, in mixture with other species, does not seem to be 
necessary for a high moth population, as has been suggested. 
Parasites and Predators 
Observations on the parasite and predator relationships were made 
both in the field and in the laboratory. 
Larval parasites of the Zimmerman pine moth collected and iden- 
tified were: Eulophidae — Melittobia chalybu (Ashm.); Hyssopus 
rhyacioniae (Gah.); Elachertus pini (Gah.); Ichneumonidae, Callie- 
phialtes comstocki (Cress.); Eurytomidae, Eurytoma pini Bugbee. 
The percentage of parasitism observed in larvae and pupae col- 
lected in the field was not sufficient to suggest that parasites alone can 
effectively control the moth. Seldom were more than 1 to 5 percent of 
the larvae and pupae parasitized. The predominant parasite observed 
was Hyssopus rhyacioniae (Gah.). 
Predation was observed principally under open-air laboratory con- 
ditions. There unidentified web-spinning spiders caught and preyed 
heavily upon adult moths. It would appear that predation by both web- 
spinning and nonweb-spinning spiders might be an important mortality 
factor. However, field observation has not confirmed this. 
18 
Table 3.— Infestation by Species and Plantation; 
15 Plots on 15 Plantations 
Trees 





REd ‘pines cae. hie ae 30 
Jackspinec en. os fee 43 
WihTEEspDINGs ee te aes eae Sil 
Plantation 5, red pine... 97 
Plantation 8, jack pine.. 114 
Plantation 9 
Red spines aaes wets erters 45 
Wack tpinew vce eccn ices 18 
WRICE Dp inGane ee aire 14 
Ponderosa pine....... | 
Plantation 10, Scotch pine 74 
Plantation 13, Scotch pine 74 
Plantation 15, jack pine.. 110 
Totalivveri cmc ae orca ae 
Distribution, percent. . 
Plantation 1, Scotch pine 39 
Plantation 2 
SCOLCHED ING seen eee iby 
UfeXalanayholan 5 aq empieia een 8 
Wi lhitespine se. nie ee 8 
Plantation 3, Scotch pine 82 
Plantation 6 
Scotch pinese en. wee: 16 
White’ pin@y. ae pireiet 20 
Plantation 7 
SCOCch iGreen nL O: 
ACks DING eee a Oe 28 
Plantation 11 
ack pin@ ewe caer 3 
Wihites pines. sete see 10 
Plantation 12 
Ack pine se ele tea meet 32 
Wihite Dinesacge aces 28 
Ponderosa pine....... 1 
Plantation 14, Scotch pine 37 
ROtalesme tment tes 




Possible insect predators present on infested pines were ants, larvae 
of lace wings, and cockroaches; but the importance of their predatory 
BuLLeTIN No. 660 
Total 
com- —- 
posi- Attack Trunk 
tion 
Num-  Per- 
ber cent 
perct. perct. 
Less than 22 years old 
28.8 0 0 0 
41.3 973 0 0 
29.8 0 0 0 
100.0 3932 28 43.1 
100.0 15.8 0 10) 
43 ..3 13%5 0 0 
Wie 38.9 0 0 
13350 0 0 0 
26.0 alts) 995) 0 0 
100.0 32.4 0 0 
100.0 44.6 2, 5.9 
100.0 oes 0 0 
Peat sinas 30 pets 
ae SNe fe 17.4 
More than 22 years old 
100.0 41.0 10 40.0 
SLED 3229 1 10.0 
24.2 50.0 1 16.6 
24.2 50.0 iV 2520 
100.0 Lae 0 0 
44.4 OZmo 0 0 
39.0 0 0 0 
34.9 40.0 0 0 
One 2320 3 17.6 
Z35uu 66.7 0 0 
76.9 80.0 1 1 Ua Wega! 
32S 0 0 0 
45.9 0 0 0 
1.6 100.0 0 0 
100.0 70.3 0 0 









































activities has not been established. 
According to Brunner (3) woodpeckers are an efficient factor of 
environmental resistance to the moth in stag-headed ponderosa pine in 
the northern Rocky Mountains. The yellow-bellied sapsucker, Sphy- 
rapicus varius varius (Linneaus), frequently has been suggested to the 
author as a possible predator. However, it feeds mainly on sap, and 
as larvae have often been found uninjured in bark recently worked on 
by the birds, sapsuckers do not appear to be an important resistance 
factor in Illinois. 
[May, 
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Dispersal 
Dispersal of the moth in Illinois has resulted from transportation 
of infested ornamental pines and from moth flight. Spread by means 
of forest planting stock is ordinarily impossible, as the trees are usually 
too small to be infested. 
The nuclei from which spread has occurred, largely by moth flight, 
have been infested ornamentals in parks, cemeteries, windbreaks, orna- 
mental nurseries, and infested plantations. The insect may be expected 
to appear in plantations now free of infestation through movement of 
the moths from near-by infested plantations or from infested orna- 
mentals. 
DAMAGE 
A study of damage caused by this moth in Illinois has been con- 
fined to planted pine trees ranging from 3 to 40 feet in height and 
iim estonlO inches in diameter atvbreast height. Larger trees are 
subject to infestation and damage but were not included in this study. 
The character of the damage is dependent upon the location, 
severity, and duration of the attack on the tree. Infestation may occur 
either at the extremities of the branches or along the trunk at branch 
whorls or between whorls. 
Infestation may be severe enough to kill trees or, if lighter, may 
only retard height growth or affect adversely the form of the trunk. 
Doane (9) states that in trees of sawlog size infestation of the trunk 
may greatly reduce their value for lumber. Ornamentals and trees 
intended for Christmas trees may be rendered worthless. 
The same amount of infestation does not cause the same amount 
of damage in trees of different species. Table 4 gives the percentage 
of trees examined in this study which were broken or of poor form as 
a result of infestation. Damage as indicated in the table was much 
more severe for Scotch pine than for other species. 
Tip 
Larvae may damage either the base of the terminal growth of the 
main leader or the base of the lateral branches. Lateral branches may 
be girdled at their base and eventually fall from the tree. The terminal 
leader may likewise be girdled and killed. In other instances a larva 
may tunnel up into or down into a central leader (Fig. 14). Either 
may reduce height growth, the amount of reduction depending upon 
the location and severity of attack. The loss will equal the difference 
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Table 4.— Effect of Injury on Trees by Species and Plantation; 
15 Plots on 15 Plantations 
Trees per Broken 
. acre in Trees or 
prea iene open and per Attack poorly Syieak 
epee ko dense plot formed unas 
plantings trees 
no. no. no. perct. perct. 
Less than 22 years old 
open 
Plantation 10, Scotch pine.... 740 74 24 66.7 32.4 
Plantation 13, Scotch pine.... 740 74 33 Taide 44.6 
Plantation), red*pinetas 7 . 970 97 38 2327 S952 
Jeg bshutncnwtoyike ty Mens AR Al! 1,040 a. ne aires Be! 
White tine scminces. eee moe 31 0 0 
Red pine 4.ouses gn kee  eee ligsk 30 0 0 
Jack pine inci iga-4 tie eee ae We 43 4 100.0 
Percent stand infested, 
Plantation 446... one tee Af Rs hays 8.4 
dense 
Plantation 901 oe eee ee 1,040 a: oe Meer 
VWihite: Dine. teccescae eee etd 14 0 0 
Redipine.a. 2. sertaete ane ve a 45 6 83.3 
Jack piney yeti ae utes 18 7 0 
Ponderosa pine. act eh 4a 27 5 40.0 
Percent stand infested, 
Plantation: 92a> ose. oer: £3 - ee Lees 
Plantation s5,:jack pine.) 7 1s 100 110 8 es fp! 
Plantation'3, jack pine: 72, 4..° "15 140 114 18 100.0 1545 
More than 22 years old 
open 
Plantation gil see ee tee oe 130 " 
White pine. Seen. eon isis 10 8 0 
Jackopiness ac aches he ae rs 3 2 0 
Percent stand infested, 
Plantations leona ee eS: a ae tne 76.9 
HinOLa Ot gen eee ee Ca. ee a ee 330 an ae 3 ae aes 
Scotch? pine, wakes eee ks as iy 9 44.4 
Wihiteroineare se, ae ee every 8 4 0 
Jack piney ab@e ee ee ee ae Sat f 8 + 0 
Percent stand infested, 
Plantations. cere wy a: ae ee Sle 
Plantation Oita sk eee 360 ¥ vi BE. 
SCOtCh: Din Gain an pean ee Lowa 4 16 10 80.0 
Wihitetpines 33, eee ae 20 0 0 
Percent stand infested, 
Plantation (Zee. ues ness Os - eee 27.8 
Plantation 14, Scotch pine.... 370 oT 26 64.0 FV 
Plantation 1, Scotch pine..... 390 39 16 Shee) 41.0 
Plantatione/y eer ee 430 an # a ee 
SCOLGI PING wt. peas eee ee tes 15 6 She 
Jack pine eee eee Utes 28 LS 20.0 
Percent stand infested, 
Plantationsii ee aaa aoe ai ae Scee 48.8 
—f 
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Table 4. — Concluded 
Trees per Broken 
. acre in Trees or 
See eae open and per Attack poorly atau d 
P 7 dense plot formed 
plantings trees 
no. no. no. perct. perct. 
dense 
Pies ey Seeder ee, ie ane get 610 aH ba 
Wy Dither PICA Fos ve aust. « Soo ken sigh 28 0 0 
Spee RAST TLOONE eh cas Sec cSskvats as SZ 0 0 
PeOmUCTOSAr DING Geis iasec ce on an 1 1 0 
Percent stand infested, 
PlanLaliOne lems a. Sy ae + e Eat 136 
Plantation 3, Scotch pine..... 820 82 9 66.7 11.0 
between the length of the main stem killed and the length of the lateral 
that takes its place. If, however, two side branches assume the terminal 
position, forked trees will result (Fig. 15). 
Infestation at the last whorl of the side branches is rather rare. 
When such attacks do occur, they follow the same general pattern as 
those at the top of trees; but since the trunk is not affected, no 
injury to the quality of wood will result from this injury to the 
branches. 
Trunk 
The larvae may attack the base of the lateral branches where they 
join the trunk, successively girdling branches at a given whorl until all 
may be weakened and break off. When all branches at a whorl are 
killed, the main trunk may be so weakened that it breaks at the point 
of injury (Fig. 15). Trees are seldom infested below a point 2 feet 
above the ground. 
Infestation may extend along the trunk between branch whorls, 
tunnels running either vertically or horizontally. When they extend 
horizontally, the trunk is sometimes completely girdled, resulting in 
death of the tree above the point of infestation. 
The presence of larvae in the trunk is indicated by exudation of 
resin mixed with the larval frass (Fig. 16). Shiny and sticky resin 
masses are indicative of active infestation, whereas the hardened and 
darker colored ones are from previous years. Infestation above the 
top whorl of branches does not ordinarily produce resin masses. 
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: % 4 ~ pa e, 
»,. . = e 3 ; ie 4 : io sti a aes 
(Left) forked Scotch pine (Pinus sylvestris L.), the result of elimination of 
the main trunk by repeated attacks of Zimmerman pine moth larvae. (Right) 
Scotch pine rendered worthless by breakage from snow and wind after 
heavy Zimmerman pine moth infestation. (Figs715) 
Vertical Distribution and Cardinal Direction of Attacks 
Trunk infestations were found as low as 1 foot above the ground 
and as high as 25 feet. Percentage distribution of attack points ob- 
served in 15 plantations are shown by 5-foot height intervals in Table 5. 
These data suggest that the zone especially favored by this insect is 
between 6 and 15 feet. 
Two anomalies from the general trend in Table 5 are explainable. 
Plantation 8 was a 7-year-old jack pine planting that, because of its 
youth, was susceptible to leader attack only. Plantation 12 was a dense 
27-year-old stand containing white, jack, and ponderosa pine, which 
had not been attractive to the moth due to its density. In the one- 
tenth-acre plot, only one attack was found on a single ponderosa pine. 
In order to determine whether one side of a tree was more likely 
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Trunk section of a Scotch pine 
(Pinus sylvestris L.), with 
huge resin masses, resulting 
from Zimmerman pine moth 
infestation. (Fig. 16) 
sides. Since these trees had 
been heavily infested for 
several years previous to 
felines atuey nad «tore 
poorly developed crowns 
than they otherwise would 
have had. For this reason 
greater differences in the 
intensity of radiation on 
the trunk were to be ex- 
pected, resulting in a more 
pronounced effect upon the 
insects’ distribution. 
linewwattacks) one the 
trunk cross sections were 
recorded in a manner to 
eliminate bias. This was 
accomplished by recording 
each attack which occurred 
between cardinal directions 
as one infestation for each. 
to be attacked than another, the location 
of external evidence of infestation was 
recorded according to the cardinal di- 
rections. These data are summarized in 
DablenOmmNOndivectional preference, 1s 
indicated. This was to be expected be- 
cause the long crowns in most of the 
plantations shaded the trunks, creating 
similar conditions on all sides. 
When attack points on the trunks 
are considered separately, however, a 
directional preference becomes appar- 
ent. A record of individual attacks ob- 
served on cross sections from 30 trees 
felled during 1956 is presented in Fig. 
17. This indicates that attacks on the 
trunk are somewhat more likely to oc- 
Cliimeonesthow sides. «xposed, to intense 






NUMBER OF ATTACKS 
20 
OKO eeeee KS 
Seetstees raeneees 
NORTH SOUTH EAST 
Cardinal direction of moth attacks on cross 
section of 30 Scotch pines cut in 1956. 
(Fig. 17) 
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Table 5.— Vertical Distribution of Infestation; 
15 Plots on 15 Plantations 
Plantations Trees Average Percent of attacks by 5-foot height intervals 
by are age Under® 6’ toi. 0mm bistro 16 to# veiito 
number plot eet 5 feet feet 15 feet 20 feet 25 feet 
Less than 22 years old 
Ae rdcnkte ThE. + eee 104 tiles 7) 1 eae As MESAY) b225 0 0 
he Ln Serie eA eS Softy 97 pee Ti S5e0 biel 25-0 7.8 14.4 
8 toate ee ee ee 114 8.0 0 100.0 0 0 0 
Oe a eas coceeemeaet are 106 2220 EE S| 58.3 AW) Bis) 0 
LOL ag se ee ene 74 29.0 0 8.3 47.9 35.4 pe 
1 ese ener ee ME Ln 74 24.0 0 56.0 34.8 9.0 0 
LS ak reece ent aie 110 29.0 3D PASAY) i225 Zon 0 
More than 22 years old 
LE ee ar ed ee ee eas 39 29.0 Qe3 yp is SP hey Dine 0 
Zee ee Oh oe ae 30 DAE) Lino 41.2 26.8 147 0 
DE aie tie ie «Pe ee 82 38.8 0 Diy RAS 16:6 2 
OS eG a aeohe hal as i eens 36 24.5 10.0 40.0 35.0 10.0 BAO 
USES Det Bee Hee 43 oi 19.0 DUsS 9.5 113g 0 
PLA eh ae © ears ee A 32.0 30.0 25.0 10.0 30.0 0 
Rite ear e: Dae Me eR nn 61 saw) 0 0 100 . 0 0 0 
jk: Se Mame AL eine pe of Z2e0 34.6 Ike} ie’ Ties 
a A single infestation. 
Table 6. — Influence of Direction on Frequency of Attack;* 1956 
Bae Distribution of attacks by cardinal directions 
F : t 
Peon sae tg cee ee North South East West 
number stand niteete Num- Percent Num- Percent Num- Percent Num- Percent 
ber ber ber ber 
Less than 22 years old 
Satie eee meas 970 48 13 2 direc 17 35.4 8 16.6 10 20.9 
Avis Rene eRe co tate 1,140 49 10 20.4 13 2055 14 28.6 12 24.5 
eae een rte 1,060 36 7 19.4 10 27TaS 10 DES 9 25.0 
LO) Res eee eae 740 84 20 23.8 21 25.0 22 26.2 Zt 25.0 
1Gaaks earerure es 740 112 26 BS) 2! 30 26.8 29 25.9 Di. 24.1 
Yarn oi Bin pica eee 1,100 14 1 fell 5 SPs ff 4 28.6 4 28.6 
cLOtal eee 343 TF | <fah & 96 ae oot 87 oy: 83 ere 
Percent... ... of i 22.4 ao 28.0 ote 25.4 Dh 2452 
More than 22 years old 
OP eT ROP AT 360 34 10 29.3 8 23525 7 20.6 9 26.6 
1, SNe ge 430 56 19 33.9 11 19.6 14 2551 12 21.4 
11 ee ee 130 20 5 20.0 6 30.0 5) 20.0 4 250 
22S hate ee 610 2 1 50.0 i 50.0 0 0 0 0 
TA uae awe 370 82 PH OO 20 24.4 21 25.6 20 24.4 
TOtale-eteon 194 56 ined 46 = Mie 47 ae 45 eae 
Percent...... Sais re 28.9 ee Beye, 7) ae 24.2 Stake Zone 
Total, all 
plantations eA7/ 133 142 134 128 
Percent, all 
plantations 24.8 26.4 2520 2358 
a Attacks on plantations 1 through 4 were not tallied by cardinal directions. 
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RELATIONSHIP OF TREE AND STAND CHARACTER- 
ISTICS AND CONDITIONS TO INFESTATION 
Spacing 
Stand density appeared closely associated with severity of infesta- 
tion. The original spacing in all plantations studied was 6 X 6 feet; 
but mortality was heavy in some plantations, thus producing a variety 
of densities in the plot series. When percentage of infestation is 
plotted against plantation density (Figs. 18 and 19), a downward trend 
in infestation is correlated with increasing stand density. The depar- 
tures from this trend are explainable. 
Density did not appear as closely related to the amount of infesta- 
tion in young plantations, where only leaders were attacked, as in 
older plantations where trunk infestation predominated. This indicates 
that hight or temperature is important in determining the amount of 
infestation. 
The high percentage of open-grown ornamental pines infested in 
areas of the state where the moth is present further suggests that open- 
stand conditions may contribute to the incidence of attack. In this 
study a special effort was made to evaluate this factor. 
In 1958 a number of Scotch pines were examined to provide addi- 
tional evidence of the effect of density on infestation. Thirty-nine 
widely spaced ornamental trees with large crowns, 100 closely spaced 
shelterbelt trees, 246 trees on the outer edge of sampled plantations, 
and 100 trees within the interiors of those same plantations were 
1100 
1000 
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PLANTATION 
inspected for evidence of infestation. The two plantations sampled 
were selected so that they would be as nearly alike as possible in all 
respects except stand density. 
Edge trees were examined in sequence. Interior trees were selected 
systematically, starting three trees in from one corner of each planta- 
tion. Trees in alternate rows were examined until a total of 100 
interior trees had been tallied. 
The results (Table 7) emphasize the close relationship between 
stand density and the amount of infestation. The percentage of infes- 
tation of the shelterbelt trees was lower than might have been expected 
because approximately 20 percent of the most heavily infested had 
previously been removed. Furthermore, a portion of the shelterbelt 
received shade from adjacent hardwood trees to the south. Of the 100 
trees examined in the shelterbelt, 46 received some shade from these 
trees, whereas only 54 were completely unshaded. Only five of the 46 
were attacked by the moth, whereas 16 of the 54 unshaded trees were 
infested. The influence of the hardwood shade certainly appeared to be 
responsible for this difference in infestation. 
Percentage of infestation in border trees, as compared with those in 
the interior of plantations, show further evidence of the apparent 
relationship between solar radiation and infestation. Infestation of 
marginal trees was higher than that of interior trees. Infestation per- 
centages for north and east edges were lower than those for south 
and west edges. All these observations point strongly to a close rela- 
tionship between the intensity of infestation and exposure to light. 
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Table 7.— Infestation of Scotch Pine, 1958 
Number Trees infested Trees uninfested 
Item of Sere eeeeeeeneenenennemenniteenannaiaeiaiemeneeeeeeneiannnL 
trees Number Percent Number Percent 
Ornamental trees, individual 39 oH 94.9 2 oa | 
Two-row shelterbelt, 4-to 5- 
FOUtPSPACIUGS ss «ss 4 100 DR| 2150 79 79.0 
Open plantation 
PILGtIOUC TEES yo.) cam nv os 100 41 41.0 59 59.0 
ee A PeCS i ers irre ot 100 52 52.0 48 48.0 
Edge trees on: 
PONG Mees = ot ecey. Qe kG 26 7 26.9 19 (pw 
RICE i ee Pah od. CaS aces Lie 23 19 82.6 4 17.4 
i VES Se oe, i ae a aera 25 8 32-0 iN 68.0 
A ot mewn ies Nae er kerae 26 18 69.2 8 30.8 
Dense plantation 
PIPCCELOPULCES ye. ee a ek sa 2 100 14 14.0 86 86.0 
LO ER OOS ie oe cig a. Gh th as 146 31 21a? LS 78.8 
Edge trees on: 
INGE CN Pe Be ras Ooi 8 26 4 15:4 Aig 84.6 
SOUL serene tee os ote 27 7 Pe) 20 74.1 
etree yee cient Seen ha ks 50 7 14.0 43 86.0 
WVESC re etnies Shae he oes 43 us 30.2 30 69.8 
Pruning 
Pruning trees, particularly the removal of live branches, sometimes 
appeared to increase the incidence of moth infestation. This seems 
reasonable in view of reports by Kellicott (19) and Craighead (8) 
that the moth frequently attacks at points of injury. 
The limited information on the influence of pruning collected in 
this study seems inconclusive. Trees had been pruned on only five of 
the plantations sampled. On these, the trees had either all or nearly 
all been pruned. Therefore, the same number of pruned and unpruned 
branches had not been subjected to equal chances of being attacked 
under similar conditions. Hence the results were necessarily biased 
and, therefore, provide an unreliable basis for formulating pruning 
practice recommendations. 
However, the percentage of infestation in plantation 5 does sug- 
gest that pruning may increase the level of infestation. In this red 
pine plantation, live branches had been pruned each year since 1950 
for a Christmas greens study. Infestation in 1956 was 39.2 percent. 
This is unusually high for red pine, particularly for a plantation with 
a stand density of 970 trees per acre. Infestations in other red pine 
plantations at Sinnissippi Forest of the same age that had not been 
pruned and that were growing under similar conditions averaged 3 to 5 
percent. 
Subsequent studies can readily determine the preference of the 
28 BULLETIN No. 660 [May, 
Zimmerman pine moth for pruning wounds as compared with unpruned 
branch bases. This can be accomplished by pruning 100 or more 
branches on trees within a stand susceptible to attack, leaving as 
controls the same number of unpruned branches on trees in the same 
stand, growing under similar conditions. This pruning should be done 
in the spring or early summer prior to oviposition. Infestation per- 
centages should be checked the following spring or summer. 
Invasion of New Plantations 
Little evidence could be obtained concerning the time required for 
moths to infest a plantation. Plantation 8 was the only one studied 
which was not within a few hundred feet or immediately adjacent to a 
source of infestation. This plantation was approximately 2 miles from 
known infested trees. It was not attacked until the seventh year after 
establishment. 
Another plantation at Monticello, Illinois, in Piatt county, although 
not studied intensively, contributes some information on invasion rate. 
This plantation is 4% mile from heavily infested Scotch pines. It 
escaped attack until the eighth year after planting. In both instances, 
moth flight was against prevailing winds, a condition that might have 
delayed invasion. 
From the above observations, we may tentatively conclude that if 
a source of infestation is no nearer a newly established plantation than 
5 to 10 miles, attack might be delayed until the crowns have closed. 
After that injury to the trees would be slight. 
Characteristics and Conditions not Correlated 
Neither the source of the planting stock nor the mixture of various 
species of pines in a single plantation had discernible influence on moth 
infestation. Neither did the character of ground vegetation, litter 
depth, aspect or slope seem to affect the degree of infestation. Soil 
quality had no apparent effect, although casual inspection might sug- 
gest that it did because on the poorer soils partial mortality of the 
planted trees frequently produced scattered stands which were heavily 
attacked (Table 8). However, in dense stands which became estab- 
lished on similar poor soils, the infestations were always low. 
Diameter and height differences within the range of high suscep- 
tibility had no influence on the degree of infestation. After the tree 
reached a diameter at breast height of 214 to 3 inches, the trunks were 
attacked, thus adding to the severity of infestation. Later when the 
trees reached a height of 20 feet or more, infestation decreased. 
Larvae rarely reach maturity in the trunk until the bark on the 
trunk reaches a thickness of 0.15 inch. Many which enter the thin 
:) 
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Table 8.— Soil Descriptions of Plantations’ 
Ageof Trees Infesta- 
nea Soil type’ stand, per tion, 
years acre percent 
PR ee asi. teks see Ritchey sandy loam 24 390 41.0 
2 ye. pt a Ritchey sandy loam 27 330 eas) 
oh, ant Age Huntsville loam 2.4 740 11.0 
SAY SS eee Carmi sandy loam 20 970 hy 
0. [= 69S ae Alvin sandy loam Ja 360 HM iat 
ee RSE kk Ritchey sandy loam 28 430 48.8 
eee Pee ee ayy saa Onarga sandy loam Z1 1060 Lie 
‘1 «ack Oe Ree en re Bloomfield fine sand 20 740 32.4 
1) Lge Ree gee en ee Pecatonica silt loam 26 130 76.9 
ae  Unity sandy loam I) 610 1.6 
|okng © ht cht sa Onarga sandy loam 20 740 44.8 
TN oe PRES ee eae Rodman gravelly loam 22 370 (Os 
em 55 ho hoi Carmi sandy loam 18 1100 (fen 
a Plantations 4 and 8 are not included in this table because they were too young to have 
been very mucli infested. 
> The soil types are tentative since soil correlation and reclassification in the area is still 
in progress. 
phloem succumb. These attack points are sometimes indicated by small 
masses of hardened resin in which the larvae are embedded. Observa- 
tions have not confirmed a similar high mortality rate in the thin bark 
at the base of terminals, although this might logically be expected. 
The fact that girdling at these basal points occurs more frequently than 
successful tunneling of terminals suggests considerable mortality. 
Rarely have more than 10 percent of the attacked terminals contained 
mature larvae or pupae when examined late in July. 
After the bark reaches the necessary thickness to permit attack, 
such as 0.15 inch, no increase of infestation could be demonstrated as 
the bark became thicker. 
POPULATION TREND IN ILLINOIS 
Estimate From Resin Masses 
Infestation by the Zimmerman pine moth is indicated by accumu- 
lations of resin masses on the trunk. Those of current seasons are 
characterized by shiny, sticky resin masses. The resin masses over 
older attacks are hard and darkened. 
A systematic count of fresh resin masses each year on a definite 
unit provides a means of comparing relative moth abundance from 
year to year. This procedure does not show the absolute population 
numbers, since one or several larva may work beneath the same mass, 
pushing frass and resin from a common opening. 
Nevertheless, counts of new as compared with old resin masses is a 
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practical method of determining the approximate rate of population 
increase from’ one year to the next ‘within a plantations Pies pase 
population trends cannot be estimated from resin masses because the 
age of the old masses cannot be recognized from external appearance. 
Accurate dating of attacks can only be accomplished from study of the 
annual rings. 
Estimate From Cross Sections 
Cross sections taken from the trunks of heavily infested trees at 
points of attack are the most practicable way to reconstruct the past 
population trends of this insect. In order to obtain this information, 
81 sections from 30 heavily infested Scotch pines were collected and 
rings were carefully dated. The number of past attacks was recorded 
by years. Each attack was easily recognized on the cross sections be- 
cause feeding of the larvae stimulated resin formation in the adjacent 
wood impregnating the annual ring laid down the year the tree was 
injured (Fig. 20). Later the resin which exuded when attacks occurred 
Scotch pine 
trunk cross sec- 
tion showing 
resin impreg- 
nated areas, the 
result of attack 
by Zimmerman 
pine moth lar- 
vae. (Fig. 20) 
NUMBER OF ATTACKS 




Total number of 
20 Zimmerman 
pine moth at- 
tacks on the 
trunk by years 
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became overgrown by callus growth. This callus growth was a helpful 
aid in recognizing the ring when first injury occurred. 
The earliest attack on the trunks of trees in the plantations studied 
was in 1942. The population level fluctuated thereafter year by year, 
a definite population peak occurring in 1948 (Fig. 21) and a depression 
in 1946. The population increase that occurred between 1942 and 1945 
was apparently the initial build-up. Thereafter, the changes were al- 
most certainly the result of annual changes in environmental condi- 
tions. There is evidence that these fluctuations may have been due to 
weather. 
Relationship of Weather to Population Trends 
The trees reached a size suitable for trunk infestation in the early 
1940’s, but until 1946 annual precipitation (Fig. 22) was considerably 
above normal in northern Illinois. This period was characterized by 
a’slow population build-up and a sharp decline in 1946, Below-normal 
precipitation prevailed between 1947 and 1949, during which time the 
insect increased sharply in numbers. The years 1950 through 1954 
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were characterized by higher than normal precipitation, a period when 
the insect infestation exhibited a downward trend. In 1955 and 1956 
the rainfall was relatively low and another increase in numbers of the 
pine moth occurred. 
These observations, although by no means conclusive, suggest 
strongly that low precipitation may permit the moth population to 
increase and that high precipitation may be deleterious. Because this 
insect spends most of its developmental time in the phloem, moisture 
deficiency that would affect these tissues first would create favorable 
conditions for the larvae. This harmonizes with effects of dry weather 
on other phloem borers—the locust borer, Megacyllene robiniae 
(Forst.); the bronze birch borer, Agrilus anxius Gory; and others. 
The adults during the breeding and ovipositing period would be vul- 
nerable to heavy storms. These tentative hypotheses can only be proved 
by further study in the field and by controlled laboratory experiments 
that could not be conducted during the present study. 
Figure 23 presents the population trends based on the trunk cross- 
section examination, together with curves for total precipitation by 
years for the months of August and September. In comparing these 
curves, it is important to keep in mind that the precipitation of a given 
year should be reflected in the population level of the following year 
if a relationship exists between precipitation and population level. 
The high precipitation in September 1945 was followed by the 
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sharp decline in the population curve for 1946, whereas the low pre- 
cipitation in the falls of 1946 and 1947 preceded the 1948 population 
rise. These observations lend support to the hypothesis that precipi- 
tation during August and September may be an important factor in the 
population trends of this species. Precipitation will have a bearing on 
the survival of planted trees, thus indirectly influencing the pine moth, 
since planted stands are more likely to remain fully stocked when 
planted during favorable seasons. Long-range seasonal forecasts may 
in the future provide information that will guide the increase of 
planting during such favorable years. 
A study of temperatures, particularly the maxima, minima, and 
monthly means from U.S. Weather Bureau Records showed no cor- 
relation with population trends from 1942 through 1956. 
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Other Limiting Factors 
Other factors observed in the study that may in part be respon- 
sible for the population reduction deserve mention. These were para- 
sites, predators, and possibly disease. Parasites, as previously indi- 
cated, appeared to exert minor influence. Although no measure of 
predatory pressure has been made, observations suggest that it was 
not of great magnitude. Larvae were occasionally found dead which 
displayed symptoms of possible virus or bacterial infection, but cultur- 
ing of these cases was impractical at the time they were observed. 
Under some circumstances it may be possible that these factors may 
exert greater impact upon moth numbers than was apparent during this 
study. They are therefore worthy of future surveillance. 
Future Outlook 
This study has been conducted in a locality that 1s marginal for 
the northern species of pine, it being close to or beyond the southern 
limit of their range. Indicative of this is the fact that only white pine 
was originally native to the area studied. More damage by insects 
might therefore be expected than would occur well within the range 
of the host trees. In such a situation one might expect that factors 
favorable for the insect might exert themselves more forcibly here than 
in situations better suited to the trees. 
The outstanding feature associated with heavy infestations revealed 
by this study appears to be the amount of exposure toward the south 
and west to which the trees are subjected. Therefore, every effort 
should be made to establish fully stocked stands. When this is im- 
possible because of poor sites or other conditions, it is questionable 
if pines should be encouraged to occupy the land. Such stands as will 
result will provide nuclei of infestation that will serve as focal points 
from which the moth may spread into adjacent stands. 
Since the Zimmerman pine moth is so well established in northern 
Illinois, its eradication seems impracticable. This is true not only 
because of the wide distribution in Illinois of ornamental pines but 
also because of the moth’s occurrence in areas to the north where pines 
are native. Consequently, outbreaks probably will continue to occur 
from time to time in Illinois. Suggested preventive practices may be 
expected to minimize the damage resulting from them. 
4) 
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CONCLUSION AND RECOMMENDATIONS 
The results of this study contribute materially to the previous 
knowledge of the biology and ecology of the Zimmerman pine moth, 
and consequently add to our understanding of its role as a forest pest. 
The results should serve not only as a foundation on which to launch 
subsequent studies of this insect, but properly applied, should lead to 
reduction of damage through better management of forest plantations. 
Based on the findings of this study, the following practices are recom- 
mended. 
Plant pine at 6- X 6-foot spacing or closer. 
Avoid planting the especially favored hosts, such as Scotch pine, 
Corsican pine, and Japanese red pine. 
Promptly replant spots where trees have died. After harvesting 
Christmas trees, fill in open spaces with young trees to maintain full 
stocking. Where possible, practice intensive management of Christmas 
tree plantations and clear cut by blocks to avoid open stands. 
Where practicable, avoid planting within a half mile of known 
Zimmerman pine moth infestations. 
Do not accept infested pines shipped from nurseries selling either 
ornamental or forest planting stock. 
Choose especially favorable years for planting as soon as it is pos- 
sible to do so. Long-range weather predictions may soon come into 
being. When they do, consider these forecasts, particularly those that 
concern soil moisture or those that may affect plantings on adverse 
sites. The Zimmerman pine moth population decreases the year follow- 
ing a wet fall. 
Remove and destroy infested leaders when their removal and 
destruction can be done economically, such as during Christmas tree 
shearing operations. Do this before the adults emerge from the affected 
shoots. 
Destroy heavily damaged or worthless trees with large moth 
populations. 
Future seed source investigation and studies of the responses of 
the different pine species to various soil factors, for example soil 
pH, are needed. They may well provide a basis for more specific 
recommendations. 
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SUMMARY 
The Zimmerman pine moth, Dioryctria zimmermani (Grote), first 
discovered in this country in 1877, is a native forest pest found in 
most, 1f not all, of the northern United States) and Canadaye inc 
investigation has clarified obscurities in its biology and ecology. For 
the first time, the mating habits, oviposition, eggs, and reproductive 
potential of the insect are described. In addition, information con- 
cerning damage, seasonal history, and host and stand conditions favor- 
able to the insect are given. 
Terminal infestation of pines may result in breakage of the tops 
and ultimate ruination, or may produce forking. Trunk infestation may 
result in partial or complete girdling and death of parts above the 
girdle. Current terminal attacks may be recognized after June or July 
by brown flags that are the result of tunneling or girdling of the 
branches. Trunk infestations are indicated by resin masses on the 
trunks. 
Under favorable conditions, all pine species may be heavily at- 
tacked. Exotics, such as Scotch pine, however, appear more subject to 
heavy infestation and damage than most native pines. Species compo- 
sition, whether pure or mixed, does not appear to affect the population 
level of the moth materially. 
The level between 6 and 15 feet seems to provide the most favor- 
able conditions for trunk infestations. Although all faces of trees are 
subject to infestation, examination of trunk sections revealed a decided 
trend toward heavier infestation on south and west sides. 
Five different kinds of larval parasites were found and identified. 
During the period of this study, however, parasites were not a highly 
significant factor in mortality. Predation was not observed under field 
conditions. 
Dispersal of the moth in Illinois has resulted from transportation 
of infested ornamental pines and by moth flight. 
In general infestation increased with decreasing density of stand. 
A tendency for pruning of live branches to increase the chances of 
infestation was suggested, but conclusive proof must await subsequent 
studies. Plantations located 5 miles or more from sources of infesta- 
tion, particularly if toward the prevailing winds, may escape infesta- 
tion for several years. The character of the ground vegetation, litter 
depth, aspect, or slope did not seem to affect the degree of infestation 
in the plantations intensively studied. Within the range of high sus- 
ceptibility, neither diameter nor differences in height had any influ- 
ence on the degree of infestation. 
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Soil type appears to influence the level of moth infestation only 
indirectly by affecting the density of stand. 
The terminals of trees are seldom successfully attacked until they 
reach a height of 4 to 5 feet. Successful and damaging attacks on the 
trunks were not observed until the bark became more than 0.15 inch 
thick. 
New resin masses may serve as an index to the relative abundance 
of moths. A comparison of the number of new and old resin masses 
may be used to determine the rate of increase of the moth within a 
plantation from one year to the next. 
Examination of the trunk cross sections showed that 1948 was the 
peak year of pine moth population in northwestern Illinois. In general 
the population has increased the season following a year when below 
normal precipitation occurred and has decreased in years following 
above normal precipitation. Exceptions indicate that other environ- 
mental resistance factors also operate to determine abundance, as would 
be expected in a complex community. No correlation was found 
between population fluctuations, the average monthly temperature, 
Ditemperatures,extremes, 
Wise management may minimize the damage the moth causes in 
plantations. For recommendations concerning management, see page 35. 
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